Abstract. -We study thin ferro and antiferromagnetic films for the Heisenberg model using a modified version of the Onsager reaction field approximation adapted for finite-size layered systems. No phase transition is obtained for the finite system, but spin-spin correlations are enhanced when the number of layers increases.
Introduction
Molecular beam epitaxy techniques have become a sophisticated tool to produce ultrathin magnetic films approaching the monolayer limit. In particular the MnSeIZnSe superlattice in the zinc-blende structure has been recently studied with special interest on the magnetic properties of MnSe ultrathin layers [I] . Although bulk MnSe is known to be antiferromagnetic, the ultrathin layer behaves as paramagnetic. It has been suggested that this result can be explained in terms of a dimensionality crossover when the layer thickness is reduced to a few monolayers [I] , with no phase transition for the two dimensional system. This fact agrees with some general theorems which preclude the presence of long-range orde in two dimensions [2] .
Stimulated by the above experiments, we engaged ourselves in the theoretical study of the size effects in a layered Heisenberg system as a function of the layer thickness, using a modified version of the Onsager reaction field approximation (RFA) [3] adapted to treat a multilayer thin film. Preliminary results for the ferromagnetic system have been published elsewhere [4] . In Full two-dimensional periodicity in the yz directions is maintained and we use two dimensional lattice vectors {Rj) for sites and an index n to lab el the different layers. In the antiferromagnetic case R j is a lattice vector in a Bravais latticee with a basis of two spins to describe possible antiferromagnetic ordering.
Partial Fourier transform in two dimensions is done using Q vectors in a two dimensional Brillouin zone,
where the subscript v labels the spin components, v = x, y, z; No is the number of spins per layer (and per sublattice in the case of antiferromagnetism), and the spin has been chosen as S = 5 / 2 which is the case of Mn.
The Heisenberg Hamiltonian with nearest neighbors interactions the present contribution we want to report additional is treated through a mean field approach where the results which include both, the ferro and antiferromag-local effective field is given by netic cases. Our analytical results point to the absence of a phase transition in a film of finite thickness, in contrast to approaches using different approximations H% (Q, n) =
The model
We model our layered system through layer dependent quantities: magnetization parameters for each layer (two sublattices for antiferromagnetic coupling) which measure the long-range order if present; RF parameters which play the role of local short-range order parameters and are normalized to the number of nearest neighbors for a given layer.
The presence of an external magnetic field parallel to the film surface is allowed, in order to avoid demagnetizing effects. The direction of spin quantization (ziaxis) is then chosen along the direction of the field (and corresponding to one of the cube axis). Summation over the two dimensional Brillouin zone has been done using the special point scheme developed by Cunningham [6] . The particular cases N = 1 (two dimensions) and N --, co (three dimensions) can be studied analytically. In the limit N --, co one recovers the three dimensional behavior (71 with a phase transition at a critical temperature given by for the simple cubic structure, for both ferro (Jij < 0) and antiferromagnetism (Jij > 0) .Tc, is the standard Curie-Weiss (mean field) transition temperature.
Numerical results and discussions
For the ferromagnetic case, we have obtained numerical results up to 10 layer thicknesses for different values of temperature and magnetic field. All the cases display the same qualitative behavior with the absence of a phase transition. Surface effects for free end boundary conditions fall off very quickly when going to the interior of the film: for all practical purpose, the N = 3 case illustrates the general situation. When an external magnetic field is applied the magnetization parameters saturate at low temperature to the value S = 512, with a typical paramagnetic behavior. The same occurs for the RF parameters, where normalization at T = 0 is given by the coordination number. In figures 1 and 2 we are displaying their variation as a function of temperature for the three layer system, and for a particular value of the magnetic field.
Concerning the antiferromagnetic case (Jij > 0) , the RE' parameters are mainly negative indicating the presence of distinctive antiferromagnetic correlations of short range. Long-range order does not develop in the system, as can be seen in figure 1 for the magnetiza, tion parameters. Since we are always in the paramagnetic region, both sublattice magnetizations are equal.
The small values shown in figure 1 can be understood based on physical grounds: the spins are frustrated as a result of the competition between the antiferromagnetic coupling and the tendency of alignment along the applied field.
Is is still not clear, within the approximation developed here, if the inclusion of anisotropic effects will induce a phase transition in finite-width systems. This point is currently under study.
[I] Nurmikko, A. V., Lee, D;, Hefetz, Y.,
